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We discuss a supersymmetric model for cogenesis of dark and baryonic matter where the dark
matter (DM) has mass in the 8-10 GeV range as indicated by several direct detection searches
including most recently the CDMS experiment with the desired cross section. The DM candidate
is a real scalar filed. Two key distinguishing features of the model are the following: (i) in contrast
with the conventional WIMP dark matter scenarios where thermal freeze-out is responsible for the
observed relic density, our model uses non-thermal production of dark matter after reheating of
the universe caused by moduli decay at temperatures below the QCD phase transition, a feature
which alleviates the relic over-abundance problem caused by small annihilation cross section of light
DM particles; (ii) baryogenesis occurs also at similar low temperatures from the decay of TeV scale
mediator particles arising from moduli decay. A possible test of this model is the existence of colored
particles with TeV masses accessible at the LHC.
Introduction- The CDMS Collaboration [1] has re-
cently announced results from a blind analysis of data
taken with Silicon detectors of the CDMSII experiment
in 2006-2007. The collaboration reports dark matter
(DM) events that survive cuts with a significance of 3.1σ
corresponding to DM mass mDM ∼ 8 GeV and spin-
independent scattering cross-section σSI ∼ 10−41 cm2.
The excess reported by the CoGeNT collaboration [2]
hints at light dark matter in a similar region of parameter
space, while CDMS II Ge [3] and EDELWEISS [4] data
do not exclude it. While XENON100 data [5] would ap-
pear to rule out this result at the present time, XENON10
[6] is not that inconsistent with it [7], clearly warranting
further probes of this region.
If a light dark matter with cross sections given above
is confirmed, it will pose a challenge to most scenar-
ios where DM is a weakly interacting massive particle
(WIMP)[8] e.g., the conventional ones in the context of
the minimal supersymmetric standard model (MSSM),
since exchange of O(TeV) particles would lead to a
smaller cross section for such low masses and hence an
over-abundance of relic DM at the current epoch as-
suming standard cosmological evolution. On the other
hand, this is suggestive of scenarios which address the
DM-baryon asymmetry coincidence problem, that focus
on the curious observation that the energy densities in
baryons and DM are of the same order of magnitude
(roughly ∼ 1 : 5 [9]) often despite the quite different
mechanisms used to generate them [10]. It would seem
natural to point towards scenarios in which this appar-
ent coincidence is addressed by an underlying connection
between the DM production and baryogenesis scenarios,
such that the number densities of DM and baryons are
roughly equal.
In this work, we present a simple extension of MSSM
which has a DM candidate of O(10 GeV) mass and a de-
sired scattering cross-section resulting from the exchange
of a new TeV scale colored particle. It also implements a
low-scale baryogenesis scenario without adding any extra
features and addresses the coincidence problem. Satisfy-
ing the DM scattering cross-section typically leads to a
region of parameter space where thermal freeze-out gives
an over-abundance of DM particles. We thus rely on
non-thermal DM production [11] which, in this context,
is useful in several ways: (i) the over-abundance of ther-
mal DM can be addressed within a non-thermal scenario
by producing the correct number density from a late de-
cay without relying on further DM annihilation [12], (ii)
non-thermal baryogenesis can be achieved with O(1) cou-
plings of the new fields to the MSSM fields [13] and (iii)
the coincidence problem is addressed through the frame-
work of Cladogenesis [14], in which the dilution factor
due to the decay of a modulus field is mainly responsi-
ble for the observed relic densities, while roughly equal
number densities for baryons and DM may be obtained
due to comparable branching fractions of the DM and
the baryon asymmetry per modulus decay.
We emphasize that the DM candidate in our model
is a scalar field, which is needed in order to generate
a large DM-nucleon cross-section hinted by the recent
CDMSII results. Recently, in an attempt to explain
the coincidence problem, we showed [15] that the non-
supersymmetric version of the model can naturally give
rise to a fermionic DM candidate with a mass on the or-
der of the proton mass. However, σSI is hierarchically
smaller in this case due to the Majorana nature of the
DM candidate. The difference between the two scenarios
may be also distinguished at colliders.
The Model- We start with the MSSM and introduce
new iso-singlet color-triplet superfields X and X¯ with
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2respective hypercharges +4/3 and −4/3, and a singlet
superfield N with the following superpotential [16]
W = WMSSM +Wnew
Wnew = λiXNu
c
i + λ
′
ijX¯d
c
id
c
j +MXXX¯ +
MN
2
NN .
(1)
Here i, j denote flavor indices (color indices are omit-
ted for simplicity), with λ′ij being antisymmetric under
i ↔ j. We assume the new colored particles associated
with the X, X¯ superfields to have TeV to sub-TeV mass
and the scalar partner of singlet N , denoted by N˜ , will
be assumed to have mass in the 8 − 10 GeV range and
will be identified with the DM particle. We first wish to
clarify that even though the particle content and the su-
perpotential of this model is identical to that in Ref. [16],
the cosmological scenario outlined here is vastly different,
as we describe below.
There are already constraints on the parameters of
the model from observations for the assumed mass range
of the particles above. The exchange of X, X¯ particles
in combination with the Majorana mass of N lead to
∆B = 2 and ∆S = 2 process of double proton decay
pp → K+K+. Current experimental limits on this pro-
cess from the Super-Kamiokande experiment [17] imply
that the combination λ21λ
2
12 ≤ 10−10 for MN ∼ 100 GeV.
Since we will need λi ∼ 1 for further considerations, the
above constraint implies that λ12 ∼ 10−5. We also note
thatMN >∼ O(GeV) is needed in order to avoid rapid pro-
ton decay p→ N + e+ + νe (if MN ≈ mp, the fermionic
component of N can be the DM candidate but σSI will
be much smaller than that indicated by the CDMS ex-
periment [15]).
To discuss the DM candidate N˜ , we note that after
supersymmetry breaking, the real and imaginary parts
of this field acquire different masses
m2
N˜1,2
= M2N +m
2
N˜
∓BNMN , (2)
where mN˜ is the soft breaking mass of N˜ and BNMN is
the B-term associated with the MNN
2/2 term in the su-
perpotential. We have assumed that BNMN is positive,
which can be achieved by a proper field rotation. The
lighter of the two mass eigenstates N˜1 will be assumed
to be the lightest supersymmetric particle (LSP). We as-
sign quantum number +1 under R-parity to the scalar
components of X, X¯ and the fermionic components of
N . The scalar component of the N -superfield will then
have odd R-parity. R-parity conservation then guaran-
tees the stability of the LSP, N˜1, which then becomes
the DM candidate. One can make N˜1 arbitrarily light by
adjusting the three terms in Eq. (2) that contribute to
mN˜1 . If MN ∼ mN˜ ∼ B ∼M , the level of tuning needed
to get mN˜1  M will be δ ∼ mN˜1/M . For example, if
M ∼ O(100 GeV), tuning at the level of 10% is needed
in order to have mN˜1 ∼ O(10 GeV).
The superpotential coupling λiXNu
c
i yields an effec-
tive interaction between N˜1 and a quark ψ via s-channel
exchange of the fermionic component of X. The am-
plitude is given by i |λ1|
2
4M2X
(ψ¯(k′)γµψ(k))Qµ, where kµ is
the quark momentum, pµ is the momentum of N˜1, and
Qµ = kµ + pµ. This results in the following spin-
independent DM-proton elastic scattering cross section
σSI
N˜1−p '
|λ1|4
16pi
m2p
M4X
, (3)
where mp is the proton mass [16]. It is seen that for
|λ1| ∼ 1 and MX ∼ 1 TeV, which is compatible with
the LHC bounds on new colored fields [18], we get
σSI
N˜1−p ∼ O(10
−41) cm2. We note that this scenario easily
evades bounds coming from monojet searches at collid-
ers [19]. The pair production of fermionic components of
X, X¯ superfields, which are R-parity odd, will produce
4 jets plus missing energy final states at the LHC in this
model. In the non-supersymmetric version of the model
[15], where N fermion is the DM candidate, the absence
of R-parity fields results in missing energy final states
with 2 and 3 jets only, which will allow us to distinguish
the two scenarios.
Dark Matter Production and Baryogenesis- The
superpotential coupling λiXNu
c
i also results in annihila-
tion of N˜1 quanta into a pair of a right-handed quark and
left-handed antiquark of the up-type. Considering that
mN˜1 ∼ O(10 GeV), only annihilation to up and charm
quarks is possible when temperature of the universe is
below mN˜1 . The annihilation rate is given by
〈σannvrel〉 ' |λ1|
4 + |λ2|4 + 2|λ1λ∗2|2
8pi
|~p|2
M4X
, (4)
where ~p is the momentum of annihilating N˜1 particles.
It is seen that for |λ1| ∼ |λ2| ∼ 1, mN˜1 ∼ O(10 GeV),
MX ∼ 1 TeV we have 〈σannvrel〉thermal  3 × 10−26
cm3 s−1. Therefore thermal freeze-out yields an over-
abundance of N˜1 particles.
This implies that obtaining the correct DM relic den-
sity requires a non-thermal scenario. An attractive sce-
nario involves a scalar field S whose late decay reheats
the universe below the freeze-out temperature Tf of DM
annihilation, dilutes the over-abundant relics to negligi-
ble levels via extra entropy production, and simultane-
ously produces DM particles [20]. Such a scenario could
arise naturally in string theory inspired models where S
could be a modulus with only gravitational couplings to
the visible sector fields. Following the decay of S, two
options are possible: (i) DM particles produced from the
decay of S undergo further DM annihilation or (ii) no
further annihilation occurs. The first option can happen
if 〈σannvrel〉thermal > 3 × 10−26 cm3 s−1, which implies
thermal under-abundance of DM particles. However, this
option is not available in our model since, as mentioned,
thermal freeze-out yields an over-abundance of DM par-
ticles.
Thus an important requirement for implementing the
late decay scenario in our model is that the branching
3ratio for the production of R-parity odd particles (which
eventually decay to N˜1) from S decay must have the
correct magnitude to yield the right DM abundance di-
rectly. In this connection, it is worth noting that the
super-partner of the modulus field which is also weakly
coupled does not pose any challenge to cosmology as, if
present after inflation, its energy density is subdominant
to that of S and decays along with it.
The field S can either be a gravitationally coupled
modulus [11, 21] or a heavy scalar belonging to the vis-
ible sector [12]. Here, we give a brief outline of the first
option, keeping the detailed model-building for future
work. In a plausible scenario, S mainly decays into scalar
components of X, X¯ superfields (denoted by X˜, ˜¯X re-
spectively), which are R-parity even fields. This can be
achieved through a couplingK ⊃ λXS†X˜ ˜¯X in the Ka¨hler
potential. The decay into the R-parity even fermions suf-
fers chiral suppression. The decays of S to R-parity odd
gauginos can be suppressed by suitable geometric crite-
ria e.g., by constructing the visible sector at a singularity
and selecting S to be the volume modulus in large vol-
ume compactification scenarios [22]. The decay of S to
other R-parity odd MSSM fields like squarks and slep-
tons is suppressed after using the equations of motion.
The decay to the gravitino can also be suppressed for su-
perheavy (∼ 1012 GeV) gravitinos, which enables one to
avoid overproduction of DM by late-time gravitino decay
[23]. Finally, the decay of S to N˜1,2 is suppressed by
preventing the Ka¨hler potential coupling λNS
†N˜2.
The above scenario can be achieved in a natural man-
ner by considering the theory to be invariant under a
discrete symmetry Z18. The various fields have the fol-
lowing quantum numbers under Z18 (which happens to
be a subgroup of baryon number) given in the table be-
low.
Table 1. Charge assignments of the various fields under
the discrete symmetry Z18 ( fields not in the table are
neutral).
Fields Z18 transformation
(uc, dc), Q e
−ipi
9 (uc, dc), e
ipi
9 Q
(X, X¯) (e
−2ipi
9 X, e
2ipi
9 X¯)
N e
ipi
3 N
δ e
−2ipi
3 δ
The superpotential Wnew in Eq. (1) is now replaced by:
Wnew = λiXNu
c
i + λ
′
ijX¯d
c
id
c
j +MXXX¯ + fδNN + κδ
3 .
(5)
The scalar component of the δ superfield (also denoted
by δ) will be assumed to acquire a vacuum expectation
value (VEV) after supersymmetry breaking to give rise
to the mass term MNN
2/2 in Eq. (1) with MN =
2f < δ >. One can have the following Ka¨hler term
K ⊃ λNS†δNN/MP where the modulus S is a singlet
under the Z18. It is important to note that the cou-
pling of S to N˜ is suppressed ∝ 〈δ〉/MP compared to its
coupling to X˜ ˜¯X, which arises without any Planck mass
suppression. As a result, S field will predominantly decay
to X˜ ˜¯X rather than N˜ as assumed above.
DM and ordinary matter will be produced in subse-
quent decay of X˜ and ˜¯X. The abundance of DM particles
thus produced is given by
nN˜1
s
= YSBrN˜1 . (6)
Here YS ≡ 3Tr/4mS is the dilution factor due to S decay,
where mS and Tr are mass of S and reheat temperature
of the universe from S decay respectively. BrN˜1 denotes
the branching ratio for producing R-parity odd particles
from the decay of X˜, ˜¯X.
Assuming that the squarks and gluinos are heavier
than X˜, ˜¯X, the decays of latter do not produce any
R-parity odd particles at the leading order. Decay
to dcid
c
j and Nu
c
i final states results in a decay width
Γ
X˜, ˜¯X
∼ (|λi|2 + |λ′ij |2)mX˜/8pi, where mX˜ denotes the
mass of X˜, ˜¯X. Three-body decays into uci N˜B˜ can pro-
duce R-parity odd particles provided that the Bino B˜ is
lighter than X˜, ˜¯X. This leads to BrN˜1 ∼ 10−3.
The measured DM relic abundance for mN˜1 ∼
O(10 GeV) is (nN˜1/s) ≈ 5× 10−11. One therefore needs
a dilution factor ∼ 5 × 10−8, which can be achieved for
mS ∼ 1000 TeV and Tr ∼ 10 MeV. For a decay width
ΓS = (c/2pi)(m
3
S/M
2
P ), the reheat temperature is given
by Tr ∼ c1/2(mS/100TeV)3/2 × 10 MeV. Thus, one re-
quires c ∼ 0.01, which can be obtained in specific con-
structions.
S decay substantially dilutes any previously generated
baryon asymmetry. Since Tr ∼ 10 MeV, a mechanism
of post-sphaleron baryogenesis [24] is required to pro-
duce the desired value of baryon asymmetry ηB ∼ 10−10,
where ηB ≡ (nB − nB¯)/s. The asymmetry will be gen-
erated from the S decay dilution factor times the baryon
asymmetry () generated from the decay of X˜, ˜¯X. A
minimal set up includes two copies of X˜, ˜¯X fields and the
interference between tree-level and one-loop self-energy
diagrams gives rise to the baryon asymmetry. In Fig.
1, we show diagrams responsible for generating baryon
asymmetry from X˜1,
˜¯X1 decays. Since the the dilution
factor is 10−8, we need  ∼ 10−2 and the masses of X˜1, X˜2
do not need to be close in our scenario.
The way baryon asymmetry arises is quite interesting.
In the limit MN = 0, one can assign a baryon number +1
to the N -field so that the model conserves baryon num-
ber. If we call the baryon number of quarks to be Bq
and that of N -field to be BN , the total baryon number
Btot = BN +Bq is what is conserved for MN = 0. There-
fore, by Sakharov’s criterion, the net asymmetry in Btot
produced by X˜, ˜¯X decay in this limit must vanish. As a
result, any asymmetry in Bq is balanced by the asymme-
4X˜1 X˜1 X˜2 X˜2
dc
dc
N
uc
dc
dc
X˜1
X˜1 X˜1 X˜2 X˜2
N
uc
dc
dc
N
uc
X˜1
FIG. 1: Tree-level and self-energy diagrams responsible for
generating baryon asymmetry from the decay of ˜¯X1 and X˜1.
Similar diagrams for decay of ˜¯X2, X˜2 are obtained by switch-
ing 1↔ 2.
try in BN keeping the net asymmetry in Btot zero. How-
ever, for MN = 0 the N particle cannot be observed, and
hence we will observe the Bq asymmetry as the baryon
asymmetry of the universe. When the Majorana mass of
N is introduced, it will break BN by two units and due
to Majorana nature, N -field will decay to ucdcdc as well
as uc∗dc∗dc∗ with equal branching ratios and therefore
will not add nor subtract from the Bq asymmetry. In
consequence, the Bq asymmetry remains as the baryon
asymmetry of the universe (if N were a Dirac fermion,
which is not the case under consideration, the decays of
N and its anti-particle would have erased the Bq asym-
metry). We note that the N -field decays well before the
onset of big-bang nucleosynthesis (BBN) for the values
of MN , λ, and λ
′ discussed above.
To calculate the baryon asymmetry, we note that the
primordial asymmetry produced per decay of X˜1,
˜¯X1 is
given by
1 ' 1
8pi
∑
i,j,k Im(λ
1∗
k λ
2
kλ
′1∗
ij λ
′2
ij)∑
i,j |λ′1ij |2 +
∑
k |λ1k|2
B1B2M1M2m
2
X˜1
(m2
X˜1
−m2
X˜2
)3
.
(7)
The asymmetry parameter for X˜2,
˜¯X2 decay 2 is ob-
tained by switching 1 ↔ 2. Here B1 and B2 are the
B-term associated with the superpotential mass terms
M1X1X¯1 and M2X2X¯2 in Eq. (1), respectively, while
mX˜1 and mX˜2 denote the mass of X˜1,
˜¯X1 and X˜2,
˜¯X2
respectively. Superscripts 1 and 2 on λ, λ′ denote the
couplings of superfields X1, X¯1 and X2, X¯2 respectively.
We note that unlike the coupling λ′12, which must be
highly suppressed to meet the pp→ K+K+ constraints,
the couplings λ′13,23 can be of order one. This allows one
to have large asymmetry parameters 1,2.
The observed baryon asymmetry normalized by the en-
tropy density s, denoted by ηB , is obtained from above
as follows:
ηB ' 1
2
YS(1 + 2). (8)
Here we have assumed that S decays approximately
equally to X˜1,
˜¯X1 and X˜2,
˜¯X2 quanta. One typi-
cally finds 1,2 ∼ 10−2 for natural values of couplings
|λ1,2i | ∼ |λ′113,23| ∼ 1, CP violating phases of O(1), and
mX˜1 ∼ mX˜2 ∼ MX,1 ∼ MX,2 ∼ BX1 ∼ BX2 . Entropy
generated in the reheating process dilutes this asymme-
try by the factor YS which as discussed before is ∼ 10−8,
thus giving the observed baryon asymmetry in the right
range.
The ratio of DM abundance to baryon asymmetry fol-
lows from Eqs. (6,8)
ρN˜1
ρB
' 2BrN˜1
1 + 2
mN˜1
mp
. (9)
Considering that BrN˜1 ∼ 10−3, the predicted value for
ρN˜1/ρB can easily come in the ballpark of the observed
value ∼ 6. The model can therefore provide a natural
explanation of the DM-baryon coincidence problem.
Finally we note that breaking of the Z18 symmetry by
the VEV of δ-field will lead to domain walls. However,
the entropy generation during S decay will also dilute the
contribution of the domain walls to the energy density of
the universe. Furthermore, if there are Planck suppressed
terms that break the Z18 symmetry, they will be sufficient
to destabilize the walls making them cosmologically safe
[25].
Conclusion- We have discussed an extension of MSSM
where tantalizing hints for light DM indicated by several
direct detection experiments, including most recently the
CDMS experiment, can be explained if the universe expe-
riences a phase where its energy density is dominated by
a late-decaying heavy scalar (like a modulus field) whose
decay reheats the universe and yields the usual radiation
dominated phase. The decay of this heavy field produces
both the DM relic abundance as well as the baryon asym-
metry which are comparable in their magnitude thus ex-
plaining the coincidence problem. The dark matter in
our case is a scalar boson. A key ingredient of this model
is the existence of new TeV scale colored particles which
can be searched for at the LHC.
Acknowledgement- The works of B.D. and K.S. are
supported by DE-FG02-95ER40917. The work of R.N.M
is supported by the National Science Foundation grant
number PHY-0968854. We would like to thank Rupak
Mahapatra for valuable discussions
5[1] R. Agnese et al. [CDMS Collaboration], arXiv:1304.3706
[astro-ph.CO].
[2] C. E. Aalseth et al. [CoGeNT Collaboration],
arXiv:1208.5737 (2012).
[3] Z. Ahmed et al. [CDMS Collabortion], Science 327, 1619
(2010).
[4] E. Armengaud et al. [EDELWEISS Collaboration], Phys.
Rev. D 86, 051701 (2012).
[5] E. Aprile et al. [XENON100 Collaboration], Phys. Rev.
Lett. 109, 181301 (2012).
[6] J. Angle et al. [XENON10 Collaboration], Phys. Rev.
Lett. 107, 051301 (2011).
[7] M. T. Frandsen, F. Kahlhoefer, C. McCabe, S. Sarkar
and K. Schmidt-Hoberg, arXiv:1304.6066 [hep-ph].
[8] For a review, see J. L. Feng, Ann. Rev. Astron. Astro-
phys. 48, 495 (2010) [arXiv:1003.0904 [astro-ph.CO]].
[9] P. A. R. Ade et al. [Planck Collaboration],
arXiv:1303.5076 [astro-ph.CO]; G. Hinshaw et al.
[WMAP Collaboration], arXiv:1212.5226 [astro-ph.CO].
[10] For a review, see: H. Davoudiasl and R. N. Mohapatra,
New J. Phys. 14, 095011 (2012).
[11] T. Moroi and L. Randall, Nucl. Phys. B 570, 455 (2000).
[12] R. Allahverdi, B. Dutta and K. Sinha, Phys. Rev. D 87,
075024 (2013).
[13] R. Allahverdi, B. Dutta and K. Sinha, Phys. Rev. D 82,
035004 (2010).
[14] R. Allahverdi, B. Dutta and K. Sinha, Phys.Rev. D 83,
083502 (2011).
[15] R. Allahverdi and B. Dutta, arXiv:1304.0711 [hep-ph].
[16] K. S. Babu, R. N. Mohapatra and S. Nasri, Phys. Rev.
Lett. 98, 161301 (2007).
[17] M. Miura, Talk at the Workshop on Baryon and lepton
number violation (BLV 2011), Gatlinburg, Tn. (2011).
[18] ATLAS collaboration, ATLAS-CONF-2012-110 (2012);
CMS collaboration, CMS PAS EXO-11-016 (2012); CMS
collaboration, arXiv:1208.2931 [hep-ex]; CMS collabora-
tion, Phys. Rev. Lett. 107 (2011) 101801.
[19] K. Cheung, P. -Y. Tseng, Y. -L. S. Tsai and T. -C. Yuan,
JCAP 1205, 001 (2012).
[20] For discussion of such scenarios, see for instance,
G. F. Giudice, E. W. Kolb and A. Riotto, Phys. Rev.
D 64, 023508 (2001); M. Endo and F. Takahashi, Phys.
Rev. D 74, 063502 (2006).
[21] R. Allahverdi, B. Dutta and K. Sinha, Phys. Rev. D 86,
095016 (2012).
[22] M. Cicoli, J. P. Conlon and F. Quevedo, Phys. Rev. D
87, 043520 (2013).
[23] M. Endo, K. Hamaguchi and F. Takahashi, Phys. Rev.
Lett. 96, 211301 (2006).
[24] K. S. Babu, R. N. Mohapatra and S. Nasri, Phys. Rev.
Lett. 97, 131301 (2006).
[25] B. Rai and G. Senjanovic, Phys. Rev. D 49, 2729 (1994).
